ABSTRACT Upper limb rehabilitation requires long-term, repetitive rehabilitation training and assessment. However, many patients cannot afford for heavy medical fees. It is necessary to design an effective, low-cost, and reasonable home rehabilitation and evaluation system. In this paper, we developed a novel home-based multi-scene upper limb rehabilitation training and evaluation system for post-stroke patients. Based on the Kinect sensor and the posture sensor, the multi-sensors fusion method was used to track the motion of the patients. Multiple virtual scenes were designed to encourage rehabilitation training of upper limbs and trunk. A rehabilitation evaluation method was proposed integrating Fugl-Meyer assessment (FMA) scale and upper limb reachable workspace relative surface area (RSA). Furthermore, an FMA-RSA assessment model was established to assess an upper limb motor function. Correlation-based dynamic time warping was used to solve the problem of inconsistent upper limb movement path in different patients. Two clinical trials were conducted. The experimental results show that the system is very friendly to the subjects. The rehabilitation assessment results by this system are highly correlated with the therapist's (the highest forecast accuracy was 92.7% in the 13th item). It also reveals that long-term rehabilitation training can improve the upper limb motor function of the patients statistically significant (p = 0.02 < 0.05). The system has the potential to become an effective home rehabilitation training and evaluation system.
I. INTRODUCTION
Stroke is a serious life-threatening disease with a very high rate of disability and mortality. The report on cardiovascular disease in China (2017) shows that the stroke population is about 13 million [1] , and the economic burden of stroke on China is as high as 5.8 billion dollars per year. In the U.S, there are nearly 795, 000 people continuing to sustain a new or recurrent stroke every year [2] . The trend of the rejuvenation of stroke patients is obvious. 70%-80% surviving populations have different degrees of disability. Motor dysfunction causes patients to lose their self-care abilities and work abilities, reduce their life quality, and bring a heavy economic and spiritual burden to themselves and their families [2] , [3] . Compared with lower limbs, upper limbs move more flexible and recover slowly. 21% stroke patients are unable to achieve full recovery of the upper limb motor function [4] . Therefore, the rehabilitation of upper limb motor function after stroke is always the urgent problem to be solved.
Traditional rehabilitation treatment is usually exercise rehabilitation, which means that the patient execute a large number of repetitive body movements with the assistance of doctors or professional therapists. In order to stimulate damaged brain nerves to promote recovery [5] . It highly costs with low efficiency and it is time consuming. Traditional rehabilitation assessment methods are qualitative, such as Fugl-Meyer scale [21] . Generally, different therapists have different evaluation.
Since a large number of patients often have psychological problems such as depression and anxiety in the early stage of the stroke, which largely hinders the implementation of the rehabilitation training. Effective rehabilitation exercise therapy needs to satisfy following characteristics: highintensity, repeatable, task-oriented training and mobilizing patients' active motivation [6] . Proactive rehabilitation training can relieve some of the patient's concerns and improve the effectiveness of rehabilitation training.
Some studies presented that active exercise was more beneficial to improve the blood flow in the brain than the passive exercise for post-stroke patients with hemiplegia [7] . It has previously been observed that the use of virtual reality may effectively improve the active participation of patients, and alleviate their pessimistic and anxious moods in the rehabilitation process [8] . The main characteristics of the virtual reality system are multi-sensory, immersion, interactivity, and imagination [9] . The interaction between the virtual environment and the reality gives people a strong sensory stimulation, greatly enhancing the interest of patients in active training [9] , [10] .
As a low price and unmarked motion capture device, combining with virtual environment Kinect is an effective manner of rehabilitations [11] - [15] . Bower et al. [16] developed several motion-controlled games for stroke patients and illustrate the feasibility of these measures. Sin and Lee [17] studied the availability of additional VR training using Kinect in post-stroke patients to determine its feasibility in clinical application. Shin et al. [18] indicated that VR rehabilitation game has specific impacts on upper limb motor function, disappointment, and quality of life among chronic hemiplegic stroke patients.
Due to the long-term rehabilitation training, and the high cost of rehabilitation training in hospital, most patients have to go home for the next step of rehabilitation after some rehabilitation treatments in the hospital [19] . Therefore, it is important to design an effective, low cost and reasonable home rehabilitation and assessment system [20] . Moreover, home rehabilitation may also provide patients with a comfortable and convenient living environment, and it can further reduce the psychological pressure of the patients.
How to assess effectively the patient's home rehabilitation process is the bottleneck of the development of home based rehabilitation. For the traditional evaluation methods are time-consuming, it requires the involvement of a therapist or rehabilitation physician [22] , [23] . Therefore, the ideal evaluation method in home rehabilitation may be a concise, objective and quantitative automatic evaluation method.
Using fuzzy logic Su et al. [13] developed a Kinectenabled rehabilitation system at home, without supervision of the rehabilitative physician. Brokaw and Brewer [24] presented the development and clinician assessment of a treatment system based Kinect at home, with good universality. Combined the principles of commercial games and the needs of rehabilitation Borghese et al. [25] developed an rehabilitation system with intelligent game engine, experimental results showed that the system was suitable for rehabilitation at home. Villeneuve et al. [26] evaluated some simplified human upper limb kinematics from inertial sensor, for the purpose of home health care.
However, the types of virtual scenes in these family rehabilitation-training systems are relatively simple, there are few studies on rehabilitation assessment, and most of the assessments are still relying on the traditional methods with therapist in hospitals, which are more time-consuming and laborious. Some researches regard virtual game scores as evaluation parameters that doctors cannot understand. In addition, some patients do not pay attention to home rehabilitation training after discharge, which may lead to recurrent attacks. Therefore, it is important to develop a reasonable and effective home rehabilitation assessment method.
At present, most of the rehabilitation trainings are merely used for limb activities, while ignoring the functional training of the trunk. As the center of the body, the trunk is basis of the limb activity. Strengthening the trunk training may promote the recovery of the trunk function, provide a good stable foundation for the limb, as well as improve the patient's physical activity ability.
In addition, the decrease of muscle tone, the swelling and stiffness of joints lead to the decrease of active motor ability and the lack of workspace envelope, results the loss of patients self-care ability and the decrease of daily living activity ability [12] . The upper limb workspace is derived from ergonomics. The work area envelope is defined as the outer surface area of the workspace, and its size can reflect the functional information of the upper limb such as the movement range.
In this paper, we developed a novel home based multiscene upper limb rehabilitation training and evaluation system (HomeRehabMaster) for post-stroke patients. A variety of interesting training scenes were developed, including fish game, parkour, activities of daily living and virtual walks. The system can not only realize the rehabilitation training to the upper limb but also to the trunk. Multi-sensors fusion method based on Kinect and posture sensor were used to measure the subjects' motion information. Correlation based dynamic time warping (CBDTW) was used to solve the problem of inconsistent upper limb movement path in different patients. Based on the Fugl-Meyer assessment (FMA) scale and the upper limb reachable workspace relative surface area (RSA), a rehabilitation evaluation system was designed from total workspace to the specific movement of the upper limb. The FMA-RSA assessment model was established. FMA scores were predicted and compared with evaluation scores from doctors. Meanwhile, experimental verification was conducted in the hospital to verify the effectiveness of the system in rehabilitation training and evaluation.
II. METHODS

A. HOME BASED MULTI-SCENE UPPER LIMB REHABILITATION TRAINING AND EVALUATION SYSTEM
We developed a home based multi-scene upper limb rehabilitation training and evaluation system, which is depicted in Fig 1. The Kinect v1.0 sensor was applied to collect the joint positions information of subject, aiming to control the avatar to complete the tasks. Meanwhile, a posture sensor was used to measure the movement angle of the forearm. The posture sensor was a BWT901CL nine-axis Bluetoothbased posture sensor, equipped with JY901 module chip, with baud rate of 115200 and the Bluetooth module, which can output three-dimensional angles, three-dimensional accelerations and other information.
In order to reduce the pressure on patients, facilitate home rehabilitation training and evaluation, and minimize the wearing of measuring devices, we selected only one Bluetoothbased posture sensor module, which was mainly used to measure the forearm movement (including rotation angle) in rehabilitation training and evaluation.
Four rehabilitation-training scenes and two evaluation scenes were designed in this HomeRehabMaster system, so as to improve the enthusiasm of patients to participate in rehabilitation training and evaluation. Unity 3D software and asset store package were used to design the rehabilitation training virtual and evaluation scenes.
B. TRAINING SCENES
Four training scenes were designed: fish game, parkour, activities of daily living and virtual walks. These scenes might realize the rehabilitation training of upper limbs and trunk. They not only trained the body from the aspects of speed, coordination, but also enriched the scope of the subject's vision, enabling the patient to realize the rehabilitation training unconsciously. The training scenes are displayed in Fig 2. The detail parts are as follows.
1) FISH GAME
The fish game was designed to build up the patient's upper limb movement, accuracy and range of motions. The subject controlled the movement of the avatar and waved hand to hit the fishes. The fish moved in from both the left and right sides of the screen with different speeds and at different depths from the subjects.
2) PARKOUR
The parkour game was designed to manage the leaning movement of the trunk. The subject leaned to the left and right, so that the runway of the avatar might be located. The forward and backward of the trunk controlled the jump and squat of the avatar.
3) ACTIVITIES OF DAILY LIVING
According to the activities of daily living, this game was designed to train the patient's forearm movement. The subject was asked to move the teapot and pour tea into the cup. The rotation angle of the forearm controlled the teapot tilt angle to realize the pouring action.
4) VIRTUAL WALKS
The virtual walks were designed to achieve free walking in an outdoor environment to train upper limb and expand patient's horizon. Motions of the arm were tracked to control the direction of the virtual character.
C. ASSESSMENT SCENE
The assessment method involved two steps, one was the specific action assessment by the Fugl-Meyer specific action assessment scene, and the other was workspace assessment by the reachable workspace assessment scene.
According to the FMA scale, there were 33 upper limb assessment actions, and 15 actions were selected for specific action evaluation, including the following sets of actions, as shown in table 1. The therapist designed video demonstration based on the selected movements in the Fugl-Meyer specific action assessment scene. By imitating these movements, the patient wore a posture sensor to interact with the avatar. At the same time, the system recorded the upper body movement information for upper limb assessment.
In the reachable workspace assessment scene, the RSA of the upper limb Workspace was used as an auxiliary method for workspace assessment, which was calculated by the steps VOLUME 7, 2019 FIGURE 2. Rehabilitation training game scenes. described in [27] (1.3 Workspace measurement). The scenes of the two assessment methods are showed in figure 3.
D. DATA PROCESSING
This paper mainly expounds the data processing methods of the specific action assessment. Joints motion data from each FMA motion was recorded and extracted for data analysis. Taking the right arm as an example, the position data of right hand, right elbow, right shoulder, shoulder center, head joint, spine, and hip center were extracted.
1) PREPROCESSING
The data was preprocessed, so as to reduce individual differences, to eliminate the migration and to scale in the data acquisition process. Firstly, the data was filtered by the median filtering. Then, a 6th-order low pass Butterworth filter with a cut-off frequency of 30Hz was used, and the data was normalized by formula (1); shoulder center (S C (x sc , y sc , z sc )) was taken as the origin.
X 0 (x 0 , y 0 , z 0 ) represents the original bone point coordinates, X k (x k , y k , z k ) represents the normalized bone point coordinates, S L (x sl , y sl , z sl ) notes the left shoulder joint, and S R (x sl , y sl , z sl ) notes the right shoulder joint. In order to reduce the data redundancy, the data was recorded every five frames, as establishing the training model.
2) FEATURE EXTRACTION
The motion angle of the joint relative to the previous one was adopted. The characteristic values were calculated based on joint spherical coordinates, including the elevation angle (phi, the elevation angle in radians from the x-y plane) and the azimuth angle (theta, the counterclockwise angle in the x-y plane measured in radians from the positive x-axis).
The characteristic value includes the following information,
• The elevation angle and azimuth angle of the shoulder joint relative to the center point of the shoulder;
• The elevation angle and azimuth angle of the elbow joint relative to the shoulder joint;
• The elevation angle and azimuth angle of the wrist relative to the elbow joint;
• The angle information of the forearm from posture sensor;
• The distance information includes the distance between hand and head, and the distance between elbow joint and head;
• The upper limb RSA from the reachable workspace.
3) CORRELATION-BASED DYNAMIC TIME WARPING (CBDTW)
It was well known different patients had different motor speed and movement range in daily rehabilitation training evaluation. The length of the trajectory is inconsistent. These may lead to certain distress to the classified evaluation. The correlation-based dynamic time warping (CBDTW) was used to calculate the difference of multivariate feature information sequences [28] , [29] . The method combines dynamic time warping (DTW) and principal component analysis (PCA) based on similarity measures. The CBDTW preserved correlation information when it was used on the comparison of multivariate time series.
The characteristic information included the therapist's upper limb joint motion path (template) and the subjects' upper limb joint motion path. Segmentations of multivariate time series were based on PCA. The feature information time series were segmented based on relevance to create the most homogeneous segment, i.e. to construct the cost function. Q reconstruction error was used as the base of the cost function, which is calculated as follows:
X n is an n-variable multivariate time series. x i has m-element and it is the i th variable.X n (j) is the predicted value of X n (j), U Xn,p is the matrix of eigenvectors, and I is the identity matrix.
At last, the DTW difference between each segment of the path template and the subjects' upper limb joint motion path was calculated. The result was regarded as input of the angledistance evaluator.
4) FMA-RSA ASSESSMENT MODEL
ANFIS [30] integrates the learning mechanism of the neural network and the reasoning ability of the fuzzy system. Based on data modeling, appropriate fuzzy membership function and fuzzy rule may be obtained by learning a large amount of given data. This method is more suitable for systems where people do not fully understand the characteristics. In this paper, ANFIS with multiple input and single output was adopted to design a two stages FMA-RSA assessment model to assess the upper limb motor function of the subjects. The model structure is showed in figure 4 .
On account of the clinical score of each FMA item was 0, 1 or 2, the score assessment by the therapist was adopted as the criteria for classification. The model inputs were the characteristic information of the data obtained by the two assessment scenes, and the model output was the predicted score result 0, 1 or 2.
The FMA-RSA assessment model consisted two ANFIS evaluators (Angle-Distance and RSA respectively), and one fuzzy evaluator (FMA evaluator) for performance assessment. For the Angle-Distance evaluator, and the inputs were the results of CBDTW from joint angles and distances, the outputs were the score 0, 1 or 2 for assessment. Neurofuzzy classifier parameters were adapted by scaled conjugate VOLUME 7, 2019 gradient method. The RSA evaluator had single input and single output. For the FMA evaluator, the fuzzy rules are showed in Table 2 .
5) STATISTICAL ANALYSIS
One-sample t-tests was used to evaluate the results of the questionnaire. One-way analysis of variance (ANOVA) followed by post hoc tests was used to assess the impact of HomeRehabMaster on patients with stroke. Pearson correlation analysis was used. For all statistical analyses, the statistical significance level was chosen as P < 0.05.
E. QUESTIONNAIRE SURVEY
A questionnaire survey was used to assess the home-based multi-scene upper limb rehabilitation training and evaluation system from the perspective of each subject. It was designed from control, attention focus and intrinsic interests. The questions were rated on a five-point Likert scale and adopted from [31] . The grade was divided as follows: 5 indicated totally agree, 4 indicated agree, 3 indicated neither, 2 indicated disagree, 1 indicated totally disagree.
F. EXPERIMENTAL DESIGN
In the experiment, 32 post-stroke patients from the rehabilitation medicine department of Nanjing Tongren hospital participated in this study. The inclusion criteria were that the clinical diagnosis satisfied the diagnostic criteria for stroke established by the 4th national cerebrovascular conference of the Chinese medical association in 1995. The exclusion criteria were cognitive impairment or inability to cooperate.
The local research ethics committee approved this work. Each patient signed an informed consent.
At first, the subjects were trained to be familiar with the system. All the 32 patients participated in the evaluation and questionnaire survey. Each of them performed five rehabilitation training evaluation tests and completed the questionnaire. Three sets of data were selected to establish the evaluation model. In addition to the traditional rehabilitation training, 4 patients were involved in long-term training and assessment, 20 30-minute sessions were conducted and evaluated at the end (once a day, five times a week, lasting 4 weeks). A total of 600 minutes of HomeRehabMaster was used. There were also 4 patients who had only received traditional rehabilitation training as a control group.
The subjects sat in front of Kinect and tested in the best field of view. Prior to the experiment, an experienced rehabilitation physician evaluated the upper limb motor function of subjects by using the UE-FMA. The rehabilitation physician gave suitable scores by observing the completion of the tasks. Through the rehabilitation training and evaluation system, the upper limb of the subjects was trained and evaluated, the motion information of the subjects was captured, and then the data processing methods described above were applied for analysis.
III. RESULT A. SUBJECTS AND QUESTIONNAIRE RESULTS
All the subjects completed the experiment. The detailed clinical information about the patients is described in Table 3 .
To determine whether the system could meet the needs of the patients, we conducted a questionnaire survey of 32 participants to collect their enthusiasm and pleasure in participating in the rehabilitation training of the system. The survey questions were easy to understand, indicating the degree of acceptance (2, 4 and 6) and non-acceptance (1, 3, and 5) of the system. An average score of more than 3.00 indicates that the patient agreed to the statement. The results of the questionnaire survey are showed in table 4. The results of the analysis show that the scores of questions 1, 3 and 5 are relatively low, with the average score is 1.3±0.42, 1.4±0.51 and 1.2±0.44, respectively. Questions 2, 4, and 6 reveal a higher average score of 4.6±0.48, 4.4±0.54 and 4.4±0.55, respectively. This suggests that the system may make subjects happy, attract them, and increase their motivation for rehabilitation training and evaluation. There is a significant difference between the questionnaire results and the average three. The analysis concludes that the subjects are more receptive of the system.
B. DATA ANALYSIS RESULTS
1) CBDTW RESULTS
The motion paths obtained from the Fugl-Meyer specific action assessment scene were used to do the specific action assessment. Take the Shoulder abduction 0-90 • (elbow at 0 • , forearm pronation) as an example to analyze the data processing results.
After extraction from subject's motion trajectory (MT), the characteristic values were normalized to the same length by CBDTW. The characteristic data stream extracted from each subject was divided into 20 segments, and so as the motion The Fig.5 shows the CBDTW results of MT from different subjects and MTT from the physician. Fig.5 (1) shows the CBDTW results of healthy people, Fig.5 (3) shows the CBDTW results of the patient with 2 scores in Shoulder abduction 0-90 • , Fig.5 (4) shows the CBDTW results of the patient with 1 score, Fig.5 (5) shows the CBDTW results of patient with 0 score. The graphical trend shows that with the decrease of Fugl-Meyer score, the DTW value between the subjects' MT and the physician's MTT increases gradually. That is, the more serious the patient's condition, the greater the gap between the subject's MT and the physician's MTT.
2) RSA RESULTS
The MT obtained from the reachable workspace assessment scene were used to assess the reachable workspace. Fig.6 shows the three-dimensional visualization of the upper limb reachable workspace RSA. Fig.6 (1) shows the RSA of the healthy person, Fig.6 (3) shows the RSA of a patient with the FMA score of 57. The center point represents the shoulder position of the subject; the continuous motion of the hand composes the trajectory. RSA is the outer envelope of the upper limb workspace. It is separated into four quadrants by plane x=0 and y=0. Different quadrants are represented in different colors, area1 is red, area2 is green, area3 is purple, and area4 is pink. The area1 and area2 are the contralateral workspace of the test arm, and the area3 and area4 are the ipsilateral workspace. As shown in the figure, patients with different degrees of illness have different RSA. Fig.6 (3) demonstrate that the hand of the patient may reach the area4, part of area 3 and area2, but it is almost impossible to reach area 1.
3) ASSESSMENT RESULT
According to the experiment, 96 sets of data were obtained, 80 sets were randomly selected as training sets to establish the FMA-RSA assessment model of the upper limb. All groups were selected as prediction sets to analyze the prediction accuracy of the mode. Take the upper limb abduction as an example. After 200 trainings, the root mean square error is close to zero (RMSE=0.1733), as shown in Fig.10 , the classification accuracy of the predicted set is 91.67%.
The Angle-Distance evaluator and RSA evaluator are the inputs of the FMA evaluator, the fuzzy rules are showed in Fig.8 . Fig.9 depicts the membership function of FMA evaluator output.
At last, the results of FMA-RSA assessment model classification were obtained. The prediction accuracy of the model for each item is shown in the Fig.10 . Among the 15 items, the lowest forecast accuracy is 73% in the first item (Shoulder retraction), and the highest forecast accuracy is 92.7% in the The FMA-RSA assessment model was used to assess the upper limb motor function of every subject in each item, denoted as M_FMA score. The correlation between M_FMA score and upper limb FMA score from physician in each item (P_FMA), and the correlation between M_FMA score and upper limb FMA score from physician (P_UPFMA, The total score is 66) are showed in the Fig.11 . Pearson correlation coefficient between M_FMA and P_FMA is 0.902, 
C. REHABILITATION TRAINING RESULTS
After four weeks of rehabilitation training, the physician assessed the training results of the experimental group and control group, as shown in Fig.12 . It displays the upper limb FMA score in each week. As can be seen from the trend in the figure, both the experimental group and the control group showed a certain increase in FMA, but the FMA of the experimental group increased more significantly, as shown in Table 5 . The FMA scores in the experimental group increase from 22.5±3.69 to 33.0±4.76, and in the control group from 22.8±3.59 to 27.5±4.43.
ANVOA analysis was performed on the FMA scores of the experimental group and the control group, as shown in Table 6 . The scores of the experimental group were significantly improved (p=0.02<0.05) with the increase of time, while the scores of the control group were not significantly improved (p=0.42>0.05). The LCD multiple comparisons indicated that some statistically significant improvements between week1 and week3 (p=0.034), between week2 and week4 (p=0.029), the others between week1 and week4 (p=0.004). All p values were less than 0.05, in the experimental group. 
IV. DISCUSSION
In this study, the rehabilitation training and evaluation system was developed for post-stroke patients at home, which fully considered the needs of patients. Some attractive rehabilitation training games were designed, which provided training for both upper limbs and the trunk. The autonomous evaluation method was also designed combined FMA scale and upper limb reachable workspace. The system may assess the condition of different post-stroke patients during the hospital test, and the evaluation result has a good correlation with the real result from the physician. In addition, long-term use of the system may improve the condition of the subjects.
Compared with [16] , a nine-axis Bluetooth-based posture sensor has been added in this study, which is used to test the motion information of forearm and increase the function of measuring forearm rotation. The proposed method may improve the recognition accuracy of the evaluation model. Compared with [32] , varieties of rehabilitation training virtual scenes were added to execute rehabilitation training for VOLUME 7, 2019 patients and effectively improve their enthusiasm. Compared with the reference [2] , the rehabilitation evaluation part was added to promote the practicability of the system. Compared with [33] , the use of Bluetooth-based posture sensor was reduced. Considering the subjects' comfort level, only one Bluetooth-based posture sensor was used in this paper, which increased the friendliness of the system.
Patients with severe disease have a relatively small range of limb movements, and the accuracy of evaluation through the proposed model is relatively low. Therefore, our system is more suitable for patients with some certain degree of recovery of upper limb motor function, and it is more suitable for home rehabilitation training and evaluation.
For the healthy population, the scores were very close or equal to 30 assessed by the FMA-RSA model. The average score of three measurements was 29.67.
In addition, some patients do not pay attention to rehabilitation training after discharge from hospital, and the condition of illness may recurrent. Regular home rehabilitation training is especially need. Therefore, this paper develops a system applied for patients to do rehabilitation training and evaluation at home.
The HomeRehabMaster provided home rehabilitation training and evaluation. Patients may independently conduct rehabilitation training and evaluation at home, without long- term hospitalization. They only need to go to the hospital to check the rehabilitation effect. This method can reduce the financial burden of patients' families, as well as the mental pressure caused by patients' hospitalization. It also increase the enthusiasm of patients to participate in rehabilitation training and evaluation. At the same time, more diversified rehabilitation training games may be developed to meet the needs of different patients (such as children, young people, old people, etc.).
The system may evaluate the effect of the rehabilitation training in time after each rehabilitation training, and may be used to guide patients to execute scientific rehabilitation training at home.
The HomeRehabMaster may also constitute a cloud rehabilitation device, connected with hospital related equipment. It is convenient for therapists to view patients' rehabilitation information remotely and guide them to further rehabilitation training and evaluation.
V. CONCLUSIONS
The study described the HomeRehabMaster for post-stroke patient. Four training scenarios are designed for the rehabilitation of upper limbs and trunk. Based on Kinect and posture sensor the multi-sensor fusion method may measure more motion information of patients and improve the accuracy of evaluation model. The two evaluation method may assess the motion of the upper limb not only from the reachable workspace RSA but also from the specific motion.
Hospital clinical trial results show that the system may increase patients' motivation in participating training and improve their condition. The results of the FMA-RSA assessment model are relevant to the therapist's assessment results and may guide home rehabilitation training. The HomeRehabMaster has the potential to become an effective, low-cost and reasonable home rehabilitation training and evaluation system.
In the future work, we will focus on the assessment of the motor function of palms and fingers in the home based rehabilitation.
